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METHOD OF MANUFACTURING DISCHARGE LAMPS AND A DISCHARGE 
LAMP WITH A HALOGEN INTRODUCTION CARRIER 

Background of the Invention 

Field of the Invention 

[0001] The present invention is directed generally to a method of manufacturing 
discharge lamps, and a discharge lamp including a halogen-introduction carrier. 

Description of Related Art 

[0002] High-pressure mercury lamps having a very high mercury vapor pressure when 
lighted, such as 200 bar (approximately 197 atmospheres), have been used recently as 
discharge lamps for such applications as backlight for projection-type liquid crystal display 
equipment instead of metal hahde lamps. (See, U.S. Patent 5,109,181 and U.S. Patent 
5,497,049.) 

[0003] U.S. Patent 5,109,181 is directed to a high-pressure mercury lamp including 
tungsten discharge electrodes mounted in a discharge vessel within which are sealed a rare 
gas, such as mercury in the amount of at least 0.2 mg/mm^, and a halogen in the amount of 
1x10"*^ to 1x10"^ [imol/mm^ and which operates with a tube wall load of 1 W/mm^. In this 
high-pressure mercury lamp, the reason for including a halogen is to prevent darkening of the 
tube wall of the discharge vessel. A method of introducing the halogen bromine in the form 
of methylene bromide (CH2Br2) is described as the method for incorporation of the halogen 
in the high-pressure mercury lamp. 

[0004] When halogen is sealed into the discharge vessel in the form of methylene 
bromide, however, carbon and hydrogen are also introduced into the discharge vessel. 
Accordingly, if the amount of methylene bromide introduced is increased in order to 
incorporate the large amount of halogen needed in the resultant high-pressure mercury lamp, 
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larger amounts of carbon and hydrogen will be introduced as well. As a result, the resulting 
high-pressure mercury lamp is liable to phenomena such as loss of transparency due to 
darkening or frosting of the tube wall of the discharge vessel arising from the carbon and 
hydrogen. 

[0005] In manufacturing the high-pressure mercury lamp described above, after the air- 
tight seal portion on one side of the quartz glass tube that serves as the discharge vessel is 
formed, methylene bromide is introduced through a forked gas introduction tube, after which 
the other air-tight seal portion is formed. During the manufacture of that high-pressure 
mercury lamp, accurate control of the amount of halogen incorporated is very difficult, since 
the methylene bromide is a gas and it is necessary to control the working temperature. 
[0006] Another known means of incorporating the halogen is to introduce a metal hahde 
in the form of a pellet. This method is conventionally used in the manufacture of metal 
hahde lamps. In very high-pressure mercury lamps that have been used as hght sources for 
liquid crystal projectors in recent years, the volume of the discharge space formed by the 
discharge vessel has been small, no more than 80 mm^, in order to raise the working voltage 
when lighted; the amount of halogen necessary to prevent blacking of the tube wall of the 
discharge vessel in this case is 3g or less in weight. Because even the smallest of the 
generally available pellets are 20g in weight, an excessive amount of halogen is incorporated 
into the discharge vessel. As a resuh, the halogen causes wastage of the discharge electrodes, 
and the undesirable phenomenon of light-spot shift. 

[0007] The technology of introducing mercury halide into the discharge vessel by means 
of vapor deposition on some structural elements of the lamp has been presented in published 
European Patent Apphcation EP 0949657 as another method of incorporating halogen. More 
specifically, halogen is introduced into the discharge vessel via vapor deposition of mercury 
hahde on the metal electrodes. Compared with the two methods described above, this 
method is superior in that it is possible to incorporate a small amount of halogen without 
introducing hydrogen and carbon as well. However, it is difficult to control the amount of 
halogen applied by vapor deposition, and thus, there is wide variation of the amount of 
halogen incorporated. In the conventional methods, as stated above, it is difficuh to 
accurately introduce a very small amount of halogen without causing damage to the discharge 
vessel. 
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Summary of the Invention 
[0009] The present invention has been developed to overcome at least the aforementioned 
prior art problems. Thus, an object of the present invention is to provide a manufacturing 
method for discharge lamps that is capable of regulating accurately very small amounts of 
halogen, unaccompanied by carbon and hydrogen in a discharge vessel, and that is capable of 
introducing the halogen using a very easy operation. 

[0010] A second object of the present invention is to provide a discharge lamp that has an 
adequate working pressure, and maintains good lighting conditions for extending periods in 
comparison to conventional devices. 

[0011] A third object of the present invention is to provide a halogen-introduction carrier 
that can handle accurate amounts of metal halides even in minute quantities. 
[0012] These and other objects are solved by providing a method of manufacturing 
discharge lamps in which a halogen is sealed in a discharge vessel including a main tube that 
forms a light emitting discharge space and auxiliary tubes connected thereto, and whereby 
halogen is introduced into the discharge vessel by heating a halogen-introduction carrier 
including a porous body containing metal halides. In the aforementioned method of 
manufacturing discharge lamps, the halogen-introduction carrier is preferably positioned 
inside the discharge vessel and can be heated from an outside source. Preferably, it is 
desirable that the halogen-introduction carrier is reusable after releasing all of the metal 
halides. It is also desirable that the metal halide be composed of at least one of bromine, 
chlorine, iodine and mercury, and that the halogen-introduction carrier be a porous body of 
tungsten. 

[0013] The discharge lamp of the present invention includes a light emitting discharge 
space having a volume which is preferably no greater than 80 mm^ and the predetermined 
amount of halogen is between 1.7 x 10'"^ |j.mol/mm^ and 6.7 x 10"^ |xmol/mm^ In addition, in 
the discharge lamp in accordance with the present invention, halogen is sealed in the 
discharge vessel, and the halogen-introduction carrier is located within the discharge vessel. 
The halogen-introduction carrier of the present invention can be a porous tungsten body of 
which the density of tungsten metal is 40% to 70%. 

[0014] According to the method of manufacturing discharge lamps described above, the 
halogen is introduced via a halogen-introduction carrier that is preferably a porous body in 
which a metal halide is absorbed in a roughly unimolecular layer. For that reason, it is 
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possible to control the target amount of halogen to be introduced, even when the amount is 
very low, by controlling the amount of the halogen-introduction carrier used for introduction. 
Moreover, the operation of introducing the predetermined amount of halogen is very easy. 
And since the halogen is introduced via a metal hahde, there is no possibility that carbon or 
hydrogen will be introduced into the discharge vessel. 

[0015] In the discharge lamp of the present invention, the desired amount of halogen is 
sealed into a discharge vessel that has a discharge space of small volume. It is possible, 
therefore, to obtain accurately the target luminous flux maintenance ratio, and to prevent the 
occurrence of undesirable phenomena such as light-spot shift due to wastage of the discharge 
electrodes that arise from an excessive amount of halogen. Advantageously, no hydrogen or 
carbon is introduced into the discharge vessel, and thus, there is no darkening or loss of 
transparency of the discharge vessel tube wall. 

[0016] Preferably, the halogen-introduction carrier of the present invention is a porous 
body of timgsten, has a relatively great specific surface, and can absorb metal halides in a 
roughly unimolecular layer. For that reason, it is possible to control the target amount of 
halogen to be introduced, even when the amount is very slight, by controlhng the amount of 
the halogen-introduction carrier used. 

Brief Description Of The Drawings 
[0017] Figure 1 is a cross-sectional view showing the structure of a high-pressure 
mercury lamp in accordance with a first embodiment of the present invention; 
[0018] Fig. 2 is a cross-sectional view showing the electrode assembly inserted in the seal 
tube; 

[0019] Fig. 3 is a top view showing the heating of the seal tube; 

[0020] Fig. 4 is a side view showing the heating of the seal body with the pellet and 
halogen-introduction carrier located inside; and 

[0021] Fig. 5 is a cross-sectional view showing the structure of a high-pressure mercury 
lamp in accordance with a second embodiment of the present invention. 

Detailed Description of the Preferred Embodiments 
[0022] Fig. 1 shows a high-pressure mercury lamp having a discharge vessel 10 that 
includes an elliptical- shaped luminescent tube 11 and elongated seal portions 12 that extend 
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on both sides of the tube 1 1 outwardly along the tube axis. A metallic foil 16 of molybdenum 
is sealed air-tight within the seal portions 12 to form an air-tight seal 18. A pair of tungsten 
discharge electrodes 14 formed at the tips of electrode bars 13 that extend along the tube axis 
from the inner ends of the metallic foils 16 face each other across the discharge space that is 
surrounded by the luminescent tube 11. External lead bars 15 are electrically connected to 
the electrode bar 13 through the metalhc foil 16. 

[0023] In the discharge lamp, the volume of the light emitting discharge space 17 is 
preferably no greater than 80 mm^ A halogen is hermetically sealed within the discharge 
vessel 10 in predetermined amount between 1.7 x 10"^ |Limol/mm^ and 6.7 x 10"^ |Limol/mm^ 
An amount of halogen less than 1.7 x 10""^ )Limol/mm^ is inadequate to maintain the halogen 
cycle, and will not be possible to obtain a good luminescent flux maintenance ratio, while an 
amount of halogen greater than 6.7 x 10""^ |amol/mm^, wastage of the discharge electrodes 14 
will be great and the luminescent flux maintenance ratio will decline quickly because of the 
occurrence of light-spot shift. Preferably, the discharge space is filled with a halogen, such as 
at least one of bromine, chlorine and iodine is used as the halogen, in combination with 
mercury and a rare gas, each in a suitable quantity. The amount of mercury incorporated is at 
least 0.15 mg/mm^ so as to make it possible to produce light suitable as a backhght for liquid 
crystal projection equipment. 

[0024] As shown in Figure 2, in the method for producing a discharge lamp, a discharge 
vessel including an elliptical luminescent tube 21 and elongated seal portions 20 that extend 
outwardly along the tube axis on both sides, two electrode assemblies 19 are inserted into and 
held within the seal tube 20 that has a main tube 21 and an auxiliary tube 23 connected as a 
seal tube extended from one side of the main tube. In the electrode assembly 19, one side of 
a metallic foil 16 is attached to the back end of the electrode bar 13 that has a discharge 
electrode 14 formed on its tip, and the other end of the metallic foil 16 is connected to the tip 
of the external lead bar 15. 

[0025] Moreover, each of the electrode assemblies 19 is positioned such that within the 
seal tube 20, the discharge elecfrodes 14 face each other within the discharge space 27, and 
the metallic foils 16, 16 are positioned in the seal tubes of the main tube 21. In the other side 
of the seal tube 20, an air-tight seal is formed where a metalhc foil 16 of one side of the 
electrode assembly 19 is located. In addition, a halogen-introduction carrier 25, which is 
preferably a porous body of confrolled size which has absorbed a metal hahde, is placed 
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within the auxihary tube 23 of the seal tube 20. Thereafter, substances such as a rare gas are 
incorporated within this seal tube in the desired amounts. 

[0026] Next, as shown in Figure 3, the auxihary tube 23 and the part of the seal tube 20 
that connects to it are inserted in an electric fiimace 32 whereby the electric fiimace 32 heats 
them for preferably five to twenty minutes at between 500 to 1,000 °C. At that time, the 
portion of the main tube 21 that will be the luminescent tube is protected from the heat of the 
electrical fiimace 32 by a heat shield 35. Those portions are also cooled by a cooling jig 34 
that is placed over them. The heating of the seal tube 20 should be done under conditions 
adequate to release the halogen from the halogen-infroduction carrier 25 that is in place 
within the auxihary tube 23 of the seal tube 20. For example, a burner can be placed around 
the outer periphery of the auxiliary tube 23. When the halogen-introduction carrier 25 that 
has been placed within the auxiliary tube 23 of the seal tube 20 is heated from outside the 
auxihary tube 23 in this way, the metal hahde becomes a gas and is released from the 
halogen-infroduction carrier 25; it expands into the space 27 that will be the discharge space, 
and is introduced into the main tube 21 which is at a low temperature. 

[0027] Once the seal tube 20 is removed from the electric fiimace 32 and also released 
from the cooling jig 34, the seal tube 20 is sealed at the location of the metaUic foil 16 of the 
elecfrode assembly 19 on the side connected to the auxiliary tube 23, thereby forming an air- 
tight seal 18. Afterwards, the auxihary tube 23 on the one side of the seal tube 20 is 
removed, completing the manufacture of a high-pressure mercury lamp as shown in Figure 1 . 
The halogen-introduction carrier 25 is recovered at the same time. In this process, materials 
such as a high-melting-point metal porous body and a ceramic porous body can be used as the 
halogen-introduction carrier 25. For example, such materials such as at least one of a porous 
body of tungsten, a porous body of aluminum oxide (AI2O3) and a porous body of silicon 
oxide (Si02) converted to cristobahte can be used, but it is particularly desfrable to use a 
porous body of tungsten. 

[0028] As a result, in a halogen-introduction carrier that comprises a tungsten porous 
body, a tungsten metal density of between 40% to 70%, and particularly from between 40% 
to 65%, is desirable in that it has a relatively large specific surface and is easily worked. 
Incidentally, the density of metallic tungsten is 19.7 g/cm^ and thus, it is desirable that the 
density of a halogen-introduction carrier 25 which is a porous body is from 8 to 13 g/cm^. 
Any metal halide that is released by heating can be used as the metal halide absorbed by the 
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halogen-introduction carrier 25. Specifically, compounds of bromine and mercury, 
compounds of chlorine and mercury and compounds of iodine and mercury can be used, and 
mercury bromide (HgBr2), a compound of bromine and mercury, is particularly desirable. 
The halogen-introduction carrier 25 can be produced by mixing powdered tungsten with a 
binder such as stearic acid filling a mold with columnar mold spaces, and applying pressure 
with a press. By heating the molded product under a hydrogen atmosphere, it is possible to 
eliminate a binder and obtain a pre-sinter. The pre-sinter thus obtained is sintered by heating 
in a vacuum, thereby producing a porous body as the halogen-introduction carrier 25. 
[0029] As shown in Figure 4, after the halogen-introduction carrier 25 has been cleaned 
by an appropriate method, a number of halogen-introduction carriers 25 are placed in one end 
of a seal body 40 under a vacuum or a reduced pressure, non-oxidizing gas. The seal body 40 
is inserted in an electric furnace 45 that has a thermocouple 46 at the end 40A where the 
halogen-introduction carriers 25 are, and in an electric furnace 47 that has a thermocouple 48 
at the other end 40B which contains a pellet 42. The seal body 40 is then heated by means of 
the two electric fiimaces 45, 47. After the pellet 42 in the seal body 40 is completely 
vaporized, one end 40A is cooled while the other end 40B remains heated. Using this 
method, the metal halide that is vaporized by heating within the seal body 40 expands from 
the end 40A into the end 40B. Because the temperature of the halogen-introduction 
carriers 25 in the end 40A of the seal body 40 is lower, the metal halide is absorbed by the 
halogen-introduction carrier 25. In this process, the amount of metal hahde absorbed by the 
halogen-introduction carriers 25 can be ascertained by measuring the amount of halogen 
absorbed by any one of the several halogen-introduction carriers. 

[0030] In the manufacturing process described above, the metal hahde is absorbed by the 
porous body of the halogen-introduction carrier 25 in a roughly unimolecular layer. 
Therefore, by controlling the size of the halogen-introduction carrier 25, it is possible to 
regulate accurately the target amount of halogen introduced, even when the amount is very 
slight. Specifically, it is possible to absorb 1 g of bromine in a halogen-introduction carrier 
that comprises porous body of tungsten 1.1 mm in outside diameter, 2 mm in length and 19 
mg in weight. Moreover, because the metal halide absorbed in the halogen-introduction 
carrier 25 is released by heating, an accurately regulated amount of halogen can be 
introduced into the space 27, which will become the discharge space, by introducing an 
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halogen-introduction carrier 25 of controlled size into the auxiliary tube 23, heating it to 
release the halogen, and letting the halogen expand into the space 27. 

[0031] Moreover, the amount of halogen introduced into the space 27 that will become 
the discharge space can be adjusted by means of the temperature at which the halogen- 
introduction carrier 25 is heated or by means of the period of time it is heated. In this way, in 
the case of high-pressure mercury lamp with a discharge space 17 not exceeding 80 mm^ it is 
possible to introduce, by an easy operation, the desired amount of halogen to an accuracy of 
±20% of the target value. Thus, because the desired amount of halogen has been 
incorporated in the high-pressure mercury lamp produced, it is possible to obtain precisely 
the target luminous flux maintenance ratio. And because there is no light-spot shift due to 
wastage of the discharge electrode 14, or other inconveniences arising from the introduction 
of an excessive amount of halogen, it is also possible to obtain a high luminous flux 
maintenance ratio over a long period, and thus preserve good lighting conditions. 
Additionally, because the halogen is introduced using a metal halide, the high-pressure 
mercury lamp obtained has none of the carbon or hydrogen introduced into the discharge 
vessel 10 by the conventional method using methylene bromide. Therefore, it is possible to 
preserve good lighting conditions, without deterioration in the form of blackening or loss of 
transparency of the tube wall of the discharge vessel 10 that accompanies carbon and 
hydrogen. 

[0032] In the event that the halogen-introduction carrier 25 is a porous body of tungsten, 
there is no danger of introducing impurities in the process of manufacturing the high-pressure 
mercury lamp, since the same material is used for the discharge electrode 14 that is used in 
the discharge space 17. Moreover, because the metal haUde is a compound of bromine and 
mercury, the temperature at which adsorption and release occur during heating and cooling of 
the halogen-introduction carrier 25 is lower than if other compounds were used. It is 
possible, therefore, to perform easily the operations of adsorbing and releasing the metal 
halide. 

[0033] Figure 5 is an explanatory cross section showing the structure of a high-pressure 
mercuiy lamp that is a second embodiment of the discharge lamp in accordance with the 
present invention. In this embodiment, the high-pressure mercury lamp has essentially the 
same structure as that shown in Figure 1, except that a halogen-introduction carrier 25 in the 
form of a cylindrical porous body is mounted on the electrode bar 13, between the discharge 
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electrode 14 and the metallic foil 16. Moreover, the halogen-introduction carrier 25 uses the 
same sort of porous body shown in the first embodiment. The high-pressure mercury lamp 
includes two electrode assemblies, with a discharge electrode formed on the tip of the 
electrode bar 13, a halogen-introduction carrier 25 mounted on the middle of the bar and one 
end of the metallic foil 16 connected to the far end of the bar, with the other end of the 
metaUic foil 16 attached to the tip of the external lead bar. Thus, the high-pressure mercury 
lamp can be manufactured by a method similar to that in the first embodiment of the 
invention. The halogen-introduction carrier 25 in this assembly has adsorbed metal halides, 
and so can introduce halogen into the discharge vessel. In that case, the same operational 
effect is obtained as in the first embodiment of the invention. 

[0034] An explanation of this invention has been given above, but it is possible to make 
various changes within the present invention. For example, the discharge lamp is not limited 
to high-pressure mercury lamps, and thus, metal hahde lamps and other discharge lamps may 
also be included. In the first embodiment of the invention, a halogen-infi-oduction carrier 25 
recovered during the manufacture of one discharge lamp can again adsorb metal halides if 
heating and cooling cause a reversible release and adsorption, after which it is possible to 
reuse the halogen-introduction carrier 25 in the process of manufacturing a new discharge 
lamp. In other words, the halogen-introduction carrier 25 can be used effectively. In a 
second embodiment of the invention, the halogen-introduction carrier 25 can also be used to 
make up the discharge electrode of the discharge lamp. 

[0035] During the manufacture of the halogen-introduction carrier, powdered tungsten 
with an average particle diameter of 5 [im was prepared by mixing with 5 wt-% stearic acid 
as a binder and heating, then loaded into a mold with columnar mold spaces and compacted 
with a press to form molded pieces measuring 1.1 mm in outside diameter, 2 mm total length, 
and 20 mg in weight. The molded pieces thus obtained were heated under a hydrogen 
atmosphere to produce pre-sinters, and the pre-sinters were sintered in a vacuum to produce 
halogen-introduction carriers which were columnar porous bodies. A metal halide composed 
of mercury bromide (HgBra) was adsorbed by multiple manufactiired halogen-introduction 
carriers, by the method shown in Figure 4. When one of these halogen-introduction 
carriers 25 underwent quantitative measurement by means of ion chromatography, the 
adsorption of Ig of bromine was confirmed. 
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[0036] Using the above halogen-introduction carrier 25, a high-pressure mercury lamp 
with the structure shown in figure 1 was manufactured by the manufacturing method in 
accordance with the first embodiment of the present invention. Specifically, a seal tube 20 
was manufactured with a halogen-introduction carrier 25 placed in the auxiliary tube 23, with 
the structure shown in Figure 2. Then, the halogen-introduction carrier 25 was heated at 600 
for fifteen minutes from outside the auxiliary tube 23 of the seal tube 20, after which the 
auxiliary tube 23 was removed and the halogen-introduction carrier 25 was recovered. In this 
way, a high-pressure mercury lamp was manufactured incorporating the target amount of 2.5 
x 10""* i^mol/mm^ of bromine. The high-pressure mercury lamp was lighted continuously; 
after three thousand hours no darkening or loss of transparency of the tube wall of the 
discharge vessel had occurred, and there had been on light-spot shift. 

[0037] A halogen in the form of methylene bromide was incorporated in the discharge 
vessel of a high-pressure mercury lamp with the same specifications as in the first test case 
and was lighted continuously. At three thousand hours, darkening and loss of transparency of 
the tube wall of the discharge vessel were confirmed. Under the manufacturing method of 
the present invention, halogen is introduced from a halogen-infroduction carrier that includes 
a porous body that has adsorbed metal halides in a roughly unimolecular layer, and so by 
controlling the amount of the halogen-infroduction carrier used for introduction, it is possible 
to regulate accurately the amount of halogen introduced, even when it is a very slight amount. 
Moreover, infroduction of that amount of halogen is a very easy operation. In addition, 
because the halogen is infroduced via a metal hahde, no carbon or hydrogen is introduced 
into the discharge vessel along with the halogen. 

[0038] With the discharge lamp of the present invention, the desired amount of halogen is 
sealed into a discharge vessel with a discharge space of small volume, and so it is possible to 
obtain precisely the target luminous flux maintenance ratio. It is also possible to prevent 
undesfrable phenomena such as Hght-spot shift due to wastage of the discharge elecfrodes as 
a result of an excessive amount of halogen. In addition, no carbon or hydrogen is infroduced 
into the discharge vessel, and thus, there is no blackening or loss of transparency of the tube 
wall of the discharge vessel. 

[0039] The halogen-introduction carrier of the present invention is preferably a porous 
body of tungsten and has a relatively large specific surface. Moreover, the halogen- 
introduction carrier adsorbs metal hahdes in a roughly unimolecular layer, and thus, by 
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controlling the amount of halogen-introduction carrier used, it is possible to regulate 
accurately the amount of halogen introduced, even when it is a very low amount. 



